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h5IENANDMp< ^ y -tr/KOig^aj LB#{c-fe/umoE*« 
*v3;fr[6]tc2tU ir/um^W±^ffiyto>^y*/wo4M± 

[!f*l4] M!E> * y -tr/Hi, mjlE^^yir/K^^-v 

c t zw&t -r eft #a 1 7jssi*k 3 (ovN-r n^tw 

E*^T»*tt¥#ftEttHS«. 

IK ^-rstStffll 1 KE*W**«tt**<*E«K«o 
[0 0 0 1] 

[0 0 0 2] 

El 10 (a) 11, tt*0*»*te*!*<* 

ft X J&tfL £ ft fc N A N D ffi ir / u T W tf> ¥ S El X fc 9 . 
010 (b) -t^€pfi5lslBSr*i-B-C*>5o @1 1 
(a) ii, El 10 (a) fC*5tf6A-A > Kffi !§]-?£> 
9,011 (b) It 010 (a) lc£>^t£B-B , m 
®0-efe5 o 

[0 0 0 3] Ell 1 <fc 9C, ^^^e'Jt/Hj: 

i^jgy- h F G £ h C G £ ^tft^THf/S *ftT 

9, »x.fc««f4:#UlLfc9-rSwi:tcJ:9 % 



[0 0 0 4] 01 0MEI1 lfrbt>i)>Z£o^s z<o 
6<@<7)^^-y ir/^M (1) — M (16) ^bNANDfi 
V±sUM (1) -M (16) *y-VKKV««S 
NDM^yir/i^««£ftT^6 0 ^yi?/Wvi 

(i) coKW^ffioictL mm?- hSG (i) a*»5t 
<bftT:fc9. y^ut/uM (i6) <Dy— xmicti. m 
«y-fsc (2) asRtt&n-ci^*. 4*tc0i i 

(a) <fc 5 C:ft&SMW-hSG 

(1) . SG (2) l± % ^rft^ft. 2^(Dm^^C>X 
«J«SftT^6 0 w^-ert. 1 6ffi(D^iS^— hFG 
(1) -FG (16) i: 1 6<@(OSijmiy~ hCG (1) 

- (i6) itt, i-^xm-^rmxMf&£tix\,^o 

[0005] 011 (a) frbfrfrZXotZ, il^y- 
hSG (1) ©KW>«Jdf±, tfy hi»BL£«iSc-r 

i«tti-5SB^*5. 010 (a) (d^-f Ify h*!^* 
^hBCS:MUt^ 0 011 (a) frt>£>fr 

>l^y-hSG (2) coy-^ftij(ciL y- 
— ^«iSf*fa»»3fts, giioi^fy^i=i>^ 

[0 0 0 6] 

•Sx-^tt^tBLtt:, il^^tb/c^^yir^Mco^J® 
y— hCG^rO V{CL, tCDftKDfflm?— hCGfC^V 

[0 0 0 7] w^gg, m*<D**r y ■fe/WM755HC l f{tL 

^v^^tt^tt), h^BL(cfiv>^-ey-fe/u 
M<h, tr^/ h^B L{c^v^^^e y±Astx* ±A*tst& 

M (1) (16) t Z<D<Pi£L£\<*mk<Dm{&*:7F 

Ltz<DA\ m i 2-c£>5 0 

[0 0 0 8] ^(7)0 1 2I3\ 0 1 O^.r/0 1 1 C/TtN 
ANDSt/U7K(cMSilt^ot, #^^eyt 
/UM (1) (16) <04>ttL#V^ffl*a!ISL*:jS* 
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ntf. try nftBLicifiv^-t'j-t/i^M (i) ^e>, tr 

:y MSB LfcJSv^* W-fe/UM ( 1 6) (£ft*»oT, MS 

t^4#0fttL§f^I(0lie)O^!fi*St5 0 NA 

■ i4ot< 5 0 
[0 0 0.9] tl?t»«ll, ±C8R«ic«*-C*Six 
fcfcO-Cfef?. NANDiy^'Jt/^fttDfttt*^ 

[0 0 10] 

[KJHSr#P*i-afc»0*ai JiEBMSrAWfc-r**. 

fctg^ S N A N D y ir /uSr«ja-r 5 fcft CO ^ 
T\ mENANDa^^eSJ-feyuoK^iHUWJc-fe/uma 

[0011] 

<*Etta6«fc*sv*-c\ ^^Dt/n^f-t^/K^? 

[0012] ei i tt*mmwm^&ttWft&¥mfct£. 

0, El 2 110 1 JC&tf^C-C* MT'fc6 0 
[0 0 13] El lri>bfc>rt>£ «fc NANDS^^U 

t^^Mt^ i 6i^#^^ y t/uM (i) (i 

6) I*. -tfvPtU MHpy-hCG (1) -CG (1 
6) ^T^iSy-bFG (1) -FG (16) tZffiZ-X 
V^o lONANDS^^yt/KO K W^ftlJlCttStR 

y-hsG (i) ^e«te>n-c*5 9, y-*mia*mvi 
y-hsc (2) ^tbnn^ : ii^y-hsG 



(l) KWvWcttK'y M6=«^^^ hBCi« 
SttTi^o il^y-hSG (2) coy-^wcisy- 

[0014] El 2 tf><bfc>J$>5 <fc 0 (C v ■=& y t/UM 
(1) (16) II, PS¥#f*S«l 0±IC?BJ5fc£ 

*itv** 0 ^^^y-t/u- (i) -m (i6) «\ y-h 

C*otV^ 0 rtl^b^^^yir/UM (1) — M (1 
6) <B*ttL#vMi£«:SW>5<0tt* ^*A~f>'>^® 
«(12 (1) —12 (16) ^^F*E«J«K-C*>S. *H 

/i~r >>^ffi*£i 2 (i) - 1 2 (i6) <D^n%> (# 

*j»=i>** h SCfC|pJ^^*-U^^oT, 3E12cm 
"3^b4. 5E12cr3$T% 0. lE12cm-3#^ 
■C^tltV^o -f ^^y-fe/UM (1) £>^-Y 
^/K>^7f«12 (1) (DtfuXD K— X*«3 E 
l2cra-3tfo^ >^ey-tr/u (2) (D^-y^^V^^ 
1^12 (2) ^^a>OK-Xtli3. lE12cm-3 

-efo5o maift^^^y-feyuM (3) -co^tt: 

tt&fcraflSUlO. 1 E 1 2cm-3ft{C K— X*3W»*.-CV» 
^^-y-fe/H2 (15) CD^-Y^/IM' 1 
2 (1 5) CDtfn>-<D K— Xite 4. 4E12cr3tfc 
9, ^^yt/H2 (16) CO^-r^/U-O-^^^i* 1 
2 (16) ^o^Mt!44. 5E12cm-3T$> 

So 

[0015] rroi^cft^K^atn 

( 1 ) - 1 2 (16) <r)^Wto<D K-Xf^, -feyu«8K 

9{-L^£OT% ^^eyt/UM (l) ©fttLiiHI** 

t> OS: < »9 . rtfM^ey-tr/uM d) *»e>y— 

19, ^y-tr/U-M (16) <D*H4L#lMBa 5 *t>iSS< * 
[00 16] Ztlbffl i&t>*EI2fc^t^J:5*NAN 

Dl^^Dt/KOf-tW^fiWl 2 (1) -1 
2 (16) IS, ft<OJ:9>i»^xar-»5ri:365-c# 

[0017] $1\ ^--Y^/U-r ^>^7««c 12 ( 1 ) ± 
JcBBPSrW-fSu^^ y y ^7 7 << -XSfw J: 9 
J&f&1~Z>a *Lt, h±7*»ib*n>£3 E 1 

2 (1) SrJgJ5fci-*o ft^M^^IS^ 

(2) ±kbhp &*rra h*. yy^77^-i 
ejci^^js-rso tit, :<ou^ h±75^#n>- 

£3. 1 E 1 2cm-3<0«*-C>r >"77&LX. 

^^7^12 (2) zmtiL-TZo *-+*^>f 

^7»«1.2 (3) -±JcBBP4:*-r«u^ h*. y 
y^77^-xSCi:^Mt6o tit, r^u^^ 
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tx ftW>^7fi*12 (3) SrJK«i-5 0 
[00 18] :^J;9(:^>(DK-XM0. 1E1 
2cm-3<5oJ«^lB*|ft9iBLT\ NRft. *-r*1"f 

^7i«i2 (4) «*t»rii-r5. 

/u-r 6 (i6) ±fcBB P US?* h 

y y^97-r— xa«cj:9»«"r«. tit, rco 

l/v?7 h±^P>7Ko>S:4. 5 E 1 2 cra-3(7)&g-CM > 
/7lt, f+W^?«12 (16) t:»J«-r 

[0 0 19] ^±^)J: 9 ^NANDS^^t y t;^tt 

fcTrx h»B Ll£«;Ui2 V£RlflOU y— 
0V€rSi^D-T5 o -fe/HSatttCs/ Hft = >^ 

* HBCSB#rt>5>y — hSC«I5^*C|Sl^o 

j*<D£5fc:. -fe/u*8t^«n*v^«tiB-etty— 

'<-C 7 ^3b*«c J: 5 * «■ L # V HHTC>*f t«: * -V ^ir/VC 
[0 0 2 0] S3 I*. 13 lXtflg2JC*L;fc:NANDS! 

^^■yiryuco^-^^-yir/UM (1) — M (16) (D^tt 

[0021] ft*, ^^*i*«i?Kffijc*5v^-ctt. yv 

^7 7 - Iiftt >f y^7llftt ti«t5fc» 
IC % ftW^7*«12 (1) -12 (16) 

IS\ ^^y-fe/UM (1) -M (8) ^ft^K^T*^ 
««12 (1) -12 (8) $*C?:lo(0^-^l 
TH-03Ftt«»*-C»J«U ^^-y-tr/UM (9) -M 
(16) <0^*A^U:/7«ttcl 2 (9) -12 (1 
6) *T-*r 1 oO^/u— y<b IT, ft^/K^^H 
4c 12 (l) -12 (8) J;n^\ [h)-co^F*6^S 

[0 0 2 2] ^^A-TV^^l 2 

(1) -12 (8) ±(£* t tbXffiQtfsRtf btlttl'i' 

* h^MU Mxitf, 3. 3 El 2cm-30> K-XfC 



12 (9) -12 (16) ±(C*t»-CHlP^»»t&iX 
fcl^* h*7KfiScU 4. 0E12cn-3*>F- 

x y „ y y^77^-iii:>f >^7ii<oiS»^'i 

So 

[0 0 2 3] WLt, f^*/K>7 P 7ffittl 

2 (1) —12 (16) ftW^7l«l2 
(1) -12 (8) ts 12 (9) -12 (16) t<0 

2*?#icLfc< <h ttv^. CTxtf, y-^igg^v** h 

SCfC^tifiV>^^yir/UM (16) CD^^^/t"Y>-^ 
7«ttl2 (16) ±«c<O^BBPS:*-r*^^^ b*y 
y^77^HC±DMU 3. 1 E 1 2cm-3(OK-X 

M (1) — M (15) (D?-**/l"C >-7=7W$L 1 2 
(1) -12 (15) ±i:BPttt5^bft9V 
^77^-ia STfcricU 3. 0E 1 2cm-3cO K-XS 

[oo 24] £ <bd, :tibuy^77^-ig^y 

^ 7l§i^, igjR^-hSG (1) , SG (2) (C^-f 

[0 0 2 5] i^Lfc^^ffi^f^iC, tt^tU 

LWfK. y 2 VOSffiSrSUfflU bTy h 

T> p<^yir/UM^^ttb#v^ffl[^iK<*5<t5{c»3E 

[0026] cm 2 *&w<Dm 2 mmmm 

IS, NANDM^^y-fe/^Sr^r-r-S^FWJgtt^ftcSB* 
3Mtfc:*3V*-C\ ^^yt/KDy-hS^ ^^^y-t/u 

[0 0 2 7] 04 K^lttt^lftJcWSTlWStt^ilKWB 

9. ^5liia4lC:fcrt<5D--D' ^©{^^^5, 
[0 0 2 8] ^3 4 75^^^^^ *H&7F^{C#i6 

^»*tt*#t«a«3glt-Ctt, ^^eyt;uM (l) 
(16) (DV-h&tK \fyVffk*>*9YBCmfrb 

7<^yir/UM (1) <r>UWf— hCG (1) i:»iS 

y-hFG (i) oy— hs^ro. 2/im;:u ^^y 

ir/UM (2) (DftJ'tfpy-hCG (2) ^^ly-hFG 
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(2) <Df— h&ZO. 2Umi:t5o Z<D£?tZ % 

LTV^< 0 J: 9 (CO. OlMm^oy-hg$:S< 
Ltt^< y^eyir/UM (16) OWtBiy— hCG 
(16) ^i^iSy-hFG (16) coy-h«teO. 3 

9. h 7 ^ £D^> 3 - h f -r^^Mlc J: "9 , 

- hft(0fiv^*yt/UM(0it I ttl#v^llifi<45 o 
[0 0 2 9} BIO J: 5 6N ANDS^ * 9 t A'ttt 

5 :; F«^tt^^*:|E^t^S^c^v^r, Steffi LB#!CI±. 
tr»j/ MftB L«cWitf 2 VSrSiiPL, y— *IHctt:Hit 

oTSft*L5 0 wOBR, S«/<>fT*»*lcJ:9. IW)D* 
L#Wtttty-;*iS=i>*^ h SC«Cffi]^5(-Ufc^o 

ffiNANDS^^yt/Ht ±m<D£oizy—h&& 

[0 0 3 0] H4 2fct5Bl5(C^U^NANDS^ J ty-fe: 

r*t>. ±^L^®3(c^-r^7 7^#^tt^o -r^fc 

[0 0 3 1] 4*5. :^)S2lMl(:^t^l^ -fe/w 

•T £5l-> y^ey-tr/u-M (l) ~M (8) (Dtf— hfi£ 
0. 2 M m£U y^y-fe/UM (9) (16) (DV 

- hg*r 0. 2 1 M m^t5:H^$)5o r*UC 

[0 0 3 2] ^bic, t^«ffi^ii!n^*tTffi«iJ-C4) 
5y^-y-tr/WM (l 6) oy— hgco^^r, ffeco^^e y 
ir/uM (1) -M (15) oy-hftJ:9 fc, «<1~5 
wir^-c#e 0 Will ^feii-fe/u.M (l) (l 

5) ^y-FMO. 2 M m>U ^^ey-tr/UM (1 

6) (^y-hftSrO. 2 1 ^mmi i t^fi^fe 
5* 

[0 0 3 3] ±iELfc^tiSJF^i:^i»iC. K^ffl 



j^B L«c0*lx.liOV 4:31^0 UT. -fe/u-«SE^ y— ^jftw 

^yirvO-Mcoy-- hSA«ft< 45<fc 5 K«j£-f ft 
[0 0 3 4] C!f§3»g^ffi0 *&HO$3XlkHgtt 

^y^y-fe^y- hs*at>s< u fttv-^ 

y-ir/ucoy— hS^^^tfl^y- hgi::«5;t5w£;c 
J: 9. IS^fflU^SS/<-rr^^{cJ:5 c F 1 ttU#^ 
ffi.<Df£&&*"*>"t'i'1rZ>£ 9 ^ Lfct>c0T?fc5 o J: 9 

[0 0 3 5] B 7 H:**16»««c«5^IW8tt*aH*E 
tgtf^NANDSt;u7 W ^EfttC^-TEl-efc 
9, lll8^1EI7fC^^tt5E-E , »TSEl"Cfc5o 

[0 0 3 6] 07 7l>e>:ba>5 i 5 IC, m$Uf— hSG 

(1) <hs«j»y-hcG (i) ©mmi. ssiy-bs 

G (2) £M»py-hSG (16) (OfflPBirl^ 
hS5^>JDX<D^t>it^S:%*Lr, *&*>»J«iy— h S C 

(2) -cg (is) (owmtLV t>, /£<t£«£ftT^ 

(l) , CG (16) 0*3&sfti9fcfB<45jS*cJE|t 

[0 0 3 7] P E ^ ±(7)^- M-jtli:^ ^ y 

ir 7UM ( 1 ) — M (15)* -CIS, 0 . 2 M nu * ^ y 
irA'M (16) (O^O. 2 2//mt'(Mt5o n— x-f 
^y*»*K:«fc5»9 4:0. 0 1 M mit5^ *H® 

(1)^0. 19/im, y^-yir/UM (2) — M (l 
5) ^0. 2 0/znu y-^y-fe/UM (16) ri*0. 2 1 
MmtMS^o l^ot, m»ir^^5<t. y 
^yir/UM (l) <04H±L*vMfca 5 *fcft<49, y^- 
yir/UM (2) (15) O^ttLSl^^rttJt 9 

SS<49, y^-yir/UM (16) <0^ttt*V^4t*«*t 
S<45. 

[0 0 3 8] WJiOji^^NANDMy^yir/USrW-r 
5T»56tt¥S«*Ettt«1B6C*5V^-C, »*ffl LB$(c{t x 
t'y hj»BL«C«x.«2 VSrHWDL, y-^^^il^]^ 

otsn^o £tR^>rT^a*«-<t9. [rIC* 

ttL#^«Sr^Ft" 5y j eyir/UM-C*>ort>, wCD^tt 
L#v^f^I{±y— ^^^>^>7 h s cjci6ja>5icLfc# 0 
«<45±5lwf^ffl-r-5 0 *^l£^Sg}c 
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M (1) « M (2) ~-M (1 5) « M (1 6) <£>«lMy 

[0 0 3 9] B9I4, [H7&U^8*C;^LfcNANDM 

frZ&O Id, •feyu«8ES:ieLfctfclBJC*3«'tS. N AN D 
y ir/KD#^^e Uir/UM (1) ~M (16) <£>^ 

5o tot, **UHKlBHc«5NANDa^^y-fe^4: 

[0 0 4 0] &ib\ *J6M«_tE3ilfi»lBt-i8^*n 
[0 0 4 1] 

^#<*ffi«36««^J:*itf. ^^y-fe^o«f{±U#v^<o 
BMg*. ie*lilL#^*SIE^aElx6*|fillw#LT, ±SK 

«i&o#<D'>4v\ KOtafi^^^e yir 

[Ell] **WO»i*lfiJI5JB^«-6^»56tt¥**ffi 
t§g|g<7>¥®E]o 



[si 2] ^xnojirixiiijsttccfteriixtt^ttme 

tgglB^flfrBEIo 
[El 3] **W<OJBiaw»2jaiHB»c«S^FIW8tt 
¥»fleEfS3SB5c*5tt 5 ^ y "fe ^ iwir /umSf£*8E L 

[El 4] *»W<o«2**»tt(c«S^I|[»tt**«cE 

[12 5] *»W(OJS2*l(|»ttlc«5^*J8tt i l t **E 

ttSttoffSB. 

[El 6] **W<ofB2*16»«ic«S^»»tt¥#ffE 

[El 7] *»MO*3lll6»»«c«5T»J8tt**#E 
te^BOSptSEIc 

[El 8] *»«o»3Jt*»«i:ff5T*»tt***E 
tt^e^WSElo 

[El 9] *»W©JR3*lS»«B<c«6^»*tt**{*E 

fH4L#vMi££* ^^^ictT^i-Elo 
[El l 0 ] ( a ) tttE*0ro£tt¥tt«mit3«*>¥ 
BB. (b) tttt*(D^ii»tt*#(*E*»«o«fflE 
^Elo 

[Bill (a) KB 1 O^it^A-A' BrffiB, 

(b) f*B 1 0iC*5*t*B-B" m®Elo 

[Eli 2] «*o^»38tt***E«3Sll*c:*5rt*#^ 

SG (1) , SG (2) ilt^y-h 
CG (1) -CG (1 6) fflWY- h 
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SPECIFICATION 
(54) Title of the Invention 

Nonvolatile Semiconductor Memory 

/2 

[Claims] 

[Claim 1] A nonvolatile semiconductor memory, which 
is a nonvolatile semiconductor memory equipped with multiple 
memory cells for constructing an NAND memory cell by laminating 
a floating gate and a control gate on a semiconductor substrate 
and connecting the gates in series in the form of sharing 
source/drain regions of adjacent cells with each other, and 
is characterized by such a construction that the neutral thres- 
hold value of memory cells on the downstream side of cell 
current becomes higher than the neutral threshold value of 
memory cells on the upstream side of cell current to the flowing 
direction of cell current at the time of readout of said NAND 
memory cell. 

[Claim 2] A nonvolatile semiconductor memory according to 
Claim 1, which is characterized by such a construction that the 

^"Numbers in the margin indicate pagination in the foreign text. 
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neutral threshold value of said memory cells increases succes- 
sively as from the upstream side to the downstream side of cell 
current . 

[Claim 3] A nonvolatile semiconductor memory according to 
Claim 1, which is characterized by such a construction that the 
neutral threshold value of said memory cells increases succes- 
sively in a group unit putting one or plural memory cells 
together. 

[Claim 4] A nonvolatile semiconductor memory according to 
any of Claims 1 to 3, which is characterized by the fact that 
the neutral threshold value of said memory cells is changed with 
changing the impurity concentration in a channel implantation 
region of said memory cells. 

[Claim 5] A nonvolatile semiconductor memory according to 
any of Claims 1 to 3, which is characterized by the fact that 
the said neutral threshold value is changed with changing the 
gate length of said memory cells. 

[Claim 6] A nonvolatile semiconductor memory according to 
Claim 1, which is characterized by such a construction that only 
the gate length of a memory cell provided on the most downstream 
side of cell current in said NAND memory cell is longer than 
that of other memory cells. 



3 



[Detailed Description of the Invention] 

[0001] The present invention relates to a nonvolatile semi- 
conductor memory, and particularly to a nonvolatile semiconduc- 
tor memory having an NAND memory cell with multiple cells 
connected and arranged in series. 

[0002] 

[Prior Art] Fig. 10a is a plan view of an NAND memory cell 
array formed by connecting multiple memory cells in series in a 
conventional nonvolatile semiconductor memory, and Fig. 10(b) is 
a diagram showing its equivalent circuit. Fig. 11(a) is an A-A' 
sectional view in Fig. 10(a), and Fig. 11(b) is a B-B' sectional 
view in Fig. 10(a) . 

[0003] As is known from Fig. 11, each memory cell is 
constructed by equipped with a floating gate FG and a control 
CG. Each memory cell is so constructed that it can keep data by 
storing an electric charge in the floating gate FG and 
discharged the stored electric charge. 

[0004] As is known from Fig. 10 and Fig. 11, an NAND memory 
cell is constructed by 16 memory cells M(l) - M(16) in the 
nonvolatile semiconductor memory relating to this prior art. 
Namely, an NAND memory cell is constructed by connecting 16 
memory cells M(l) - M(16) in series in the form of sharing a 
source-drain region SD. A selecting gate SG(1) is provided on 



the drain side of memory cell M(l), and a selecting gate SG(2) 
is provided on the source side of memory cell M(16). 
Particularly, as is known from Fig. 11(a), these selecting gate 
SG(1) and selecting gate SG(2) are constructed by two selecting 
lines. Here, all of 16 floating gates FG(1) - (16) and 16 
control gates CG(1) - (16) are formed in same dimensions. 

[0005] As is known from Fig. 11(a), a drain region D 
connecting with a bit line BL is formed on the drain side of 
said selecting gate SG (1) . A part connecting with this bit line 
BL forms a bit line contact BC shown in Fig. 10(a). As is known 
from Fig. 11(a), a source region S connecting with a source line 
is formed on the source side of said selecting gate SG (2) . A 
part connecting with this source line forms a source line 
contact SC shown in Fig. 10(a). 

[0006] 

[Problem to Be Solved by the Invention] The readout of data 
in the nonvolatile semiconductor memory having the NADN cell 
array as described above is judged from what extent the voltage 
given to the bit line BL is transmitted to the source region S 
reduces to by making the control gate CG of a selected memory 
cell M to 0 V and applying an ON voltage to other control gates 
CG. Namely, it is judged by whether a cell current flows or not. 
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[0007] At this time, a dispersion occurs when a neutral 
threshold value is found for the NAND cell array due to a base 
bias effect caused by a cell current flowing in memory cells 
near to the bit line BL and memory cells far from the bit line 
BL even if individual memory cells M have same neutral threshold 
value. Here, the neutral threshold value means a threshold value 
in such a state that an electric charge does not accumulate or 
swept out at the float gate FG of each memory cell M. Namely, it 
means a threshold value in case that the number of electrons and 
the number of holes at a float gate FG are same and therefore in 
a neutral state. Fig. 12 shows a relationship between the memory 
cells M(l) - M(16) and their neutral value of NAND memories. 

[0008] This Fig. 12 is a graph showing a result of 
measuring the neutral threshold value of said memory cells M(l) 
- M(16) by performing UV irradiation on the memory cells M(l) - 

/3 

M(16) shown in Fig. 10 and Fig. 11. As is known from Fig. 12, a 
memory cell nearer to the bit line BL has a higher neutral 
threshold value than the bit line BL. In other words, the 
neutral threshold value decreases successively as from the 
memory cell M(l) near to the bit line BL to the memory cell 
M(16) far from the bit line BL. Thus, if the neutral threshold 
value of memory cells M is irregular, the dispersion of neutral 



threshold value of the whole NAND memory cell is expanded. If 
the dispersion of neutral threshold value of the whole NAND 
memory cell is expanded, the yield of product reduces and also 
becomes a problem with reliability. 

[0009] Accordingly, the present invention was made in view 
of the above problem and is aimed at providing a nonvolatile 
semiconductor memory which restrains the dispersion of neutral 
threshold value of the whole NAND memory cell. Thus, the present 
invention is aimed at providing a nonvolatile semiconductor memory 
with improved yield of product and improved reliability by 
restraining the dispersion of neutral threshold value of the 
whole NAND memory cell. 

[0010] 

[Means for Solving the Problem] To solve the above problem, 
the nonvolatile semiconductor memory relating to the present 
invention is a nonvolatile semiconductor memory equipped with mul- 
tiple memory cells for constructing an NAND memory cell by lami- 
nating a floating gate and a control gate on a semiconductor sub- 
strate and connecting the gates in series in the form of sharing 
source/drain regions of adjacent cells with each other and 
is characterized by such a construction that the neutral 
threshold value of memory cells on the downstream side of cell 
current becomes higher than the neutral threshold value of 



memory cells on the upstream side of cell current to the flowing 
direction of cell current at the time of readout of said NAND 
memory cell. 
[0011] 

[Embodiment Form of the Invention] [Embodiment Form 1] In 
the Embodiment Form 1 of the present invention, the neutral 
threshold value of memory cells increases by increasing the 
impurity concentration in a channel implantation region of said 
memory cells to the flowing direction of cell current of said 
memory cells to cancel an influence of neutral threshold value 
caused by the base bias effect at the time of readout in the 
nonvolatile semiconductor memory having an NAND memory cell. 
Details are illustrated below. 

[0012] Fig. 1 is a diagram showing an NAND memory cell of 
the nonvolatile semiconductor memory relating to this embodiment 
form in a plane, and Fig. 2 is a C-C sectional view in Fig. 1. 

[0013] As is known from Fig. 1, 16 memory cells M(l) - 
M(16) constructing the NAND memory cell are equipped with 16 
memory cells M(l) - M(16), control gates CG(1) - CG(16) and 
floating gates FG(1) - FG(16), respectively. A selecting gate 
SG(1) is provided on the drain side and a selecting gate SG(2) 
is provided on the source side of this NAND memory cell. A bit 
line contact BC is formed on the drain side of said selecting 
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gate SG(1). A source line contact SC is formed on the drain side 
of said selecting gate SG(2). 

[0014] As is known from Fig. 2, the memory cells M(l) - 
M(16) are formed on a p-type semiconductor substrate 10. An N- 
type impurity is diffused into the memory cells M(l) - M(16) 
after gate processing to become an N-type transistor structure. 
What decides the neutral threshold value of these memory cells 
M(l) - M(16) is the impurity concentration of channel implanta- 
tion region 12(1) to 12(16). The dose of impurity (boron) of 
these channel implantation region 12(1) to 12(1'6) changes from 
3El2cm" 3 to 4.5E12cm" 3 at a pitch of 0.1E12cm" 3 as from the bit 
line contact BC to the source line contact SC. Namely, the dose 
of boron in the channel implantation region 12(1) of memory cell 
M(l) is 3E12cm~ 3 , and the dose of boron in the channel implanta- 
tion region 12(2) of memory cell M(2) is 3.1E12cm" 3 . The dose of 
boron in the memory cell M(3) and after similarly increases 
every 0.lEl2cm~ 3 to the above memory cells, - the dose of boron 
in the channel implantation region 12(15) of memory cell M(15) 
is 4.4E12crrf 3 , and the dose of boron in the channel implantation 
region 12(16) of memory cell M(16) is 4.5E12cm~ 3 . 

[0015] Thus, this embodiment form is so constructed that 
the dose of impurity of the channel implantation region 12(1) - 
12(16) increases as from the bit line contact BC side to the 
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source line contact SC side being the flowing direction of cell 
current, therefore the neutral threshold value of the memory 
cell M(l) becomes the lowest, increases as from this memory cell 
M(l) to the source line contact SC, and the neutral threshold 
value of the memory cell M(16) becomes the highest. 

[0016] The channel implantation regions 12(1) - 12(16) of 
the NAND memory cell as shown in these Fig. 1 and Fig. 2 can be 
obtained by the following manufacturing processes. 

[0017] First, a resist having an opening on the channel 
implantation region 12(1) is formed by a lithographic process. 
Then, the channel implantation region 12(1) is formed by implan- 
ting boron from this resist at a concentration of 3El2cm~ 3 . Next, 
a resist having an opening on the channel implantation region 
12(2) is formed by a lithographic process. Then, the channel 
implantation region 12(2) is formed by implanting boron from 
this resist at a concentration of 3.1E12cm" 3 . Next, a resist having 
an opening on the channel implantation region 12(2) is formed by 
a lithographic process. Then, the channel implantation region 12(3) 

/4 

is formed by implanting boron from this resist at a concen- 
tration of 3.2E12cm" 3 . 

[0018] Thus, the channel implantation region 12(4) and 
regions after it are also formed successively by repeating the 
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processes increasing the dose of boron 0.1E12crrf 3 by 0.1E12crrf 3 . 
Finally, a resist having an opening on the channel implantation 
region 12(16) is formed by a lithographic process. Then, the 
channel implantation region 12(16) is formed by implanting boron 
from this resist at a concentration of 4.5E12crrf 3 . 

[0019] In the nonvolatile semiconductor memory having the 
NAND memory cell as described above, for example, 2 V is applied 
to the bit line BL and 0 V is applied to the source line SL at 
the time of readout. In this case, the cell current flows from 
the bit line contact BC to the source line contact SC. At this 
time, the base bias effect so functions that the neutral 
threshold value at the time of allowing this cell current to 
flow decreases toward the source line contact SC even if it is a 
memory cell M having same neutral threshold value. However, as 
described above, the NAND memory cell relating to this embodi- 
ment form is so constructed that the neutral threshold value of 
memory cells M on the source line contact SC side increases in a 
state that the cell current does not flow. Therefore, changes of 
neutral threshold value caused by the base bias effect at the 
time of readout can be canceled. 

[0020] Fig. 3 is a diagram graphically showing a result 
given by performing UV irradiation on the NAND memory cell shown 
in Fig. 1 and Fig. 2. As is known from this Fig. 3, the neutral 

11 



threshold value of the memory cells M(l) - M(16) of this NAND 
memory cell becomes nearly constant in a state of allowing a 
cell current to flow. Accordingly, if the NAND memory cell 
relating to this embodiment form is used, a nonvolatile semicon- 
ductor memory having a small dispersion of the neutral threshold 
value, a constant quantity of electric charge of the float gates 
FG in the memory cells and a high reliability can be obtained. 

[0021] In the Embodiment Form 1, the channel implantation 
regions 12(1) - 12(6) are also put together in a prescribed 
group unit to reduce the number of lithographic processes and 
the number of implantation processes. For example, it is also 
possible that the channel implantation regions 12(1) - 12(8) of 
said memory cells M(l) - M(8) are taken as one group and formed 
at same impurity concentration and the channel implantation 
regions 12(9) - 12(16) of said memory cells M(9) - M(16) are 
taken as one group and formed at same impurity concentration 
higher than the channel implantation regions 12(1) - 12(8). 

[0022] In this case, a resist provided with an opening is 
formed by putting it together on the channel implantation 
regions 12(1) - 12(8), e. g., an implantation of boron is 
performed at a dose of 3.3E12cm" 3 . Next, a resist provided with 
an opening is formed by putting it on the channel implantation 
regions 12(9) - 12(16), e. g., an implantation of boron is 
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performed at a dose of 4.0E12cm" 3 . In this manner, the reduction 
of numbers of lithographic processes and implantation processes 
can be contrived. Moreover, the dispersion of neutral threshold 
value at the time of allowing the cell current to flow can be 
restrained than before even if the NAND memory cell is made to 
such a constitution. 

[0023] Furthermore, the channel implantation regions 12(1) 
- 12(16) are not necessarily made into two equal parts of said 
channel implantation regions 12(1) - 12(8) and 12(9) - 12(16). 
For example, a resist having an opening is formed only on a 
channel implantation region (16) nearest to the source line 
contact SC is formed by lithography to perform the implantation 
of boron at a dose of 3.1E12crrf 3 . Next, a resist having an 
opening is formed on channel implantation regions 12(1) - 12(15) 
of M(l) - M(15) by lithography to perform the implantation of 
boron at a dose of 3.0E12cm" 3 . 

[0024] Still more, these lithographic processes and implan- 
tation processes can also serve both as these processes for the 
selecting gate SG(1), SG(2). They can also serve both as these 
processes of peripheral circuits. 

[0025] Still furthermore, conversely to the aforesaid 
embodiment form, for example, a cell current also flows from the 
source line side to the bit line side in some cases by applying 
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a voltage of 2 V to the source line and 0 V to the bit line BL. 
In such cases, conversely to the aforesaid embodiment form, the 
neutral threshold value of memory cells may also be so set up 
that they increase as from the source line contact SC to the bit 
line contact BC. 

[002 6] [Embodiment Form 2] In the Embodiment Form 2 of 
present invention, the neutral threshold value of memory cells 
increases successively by extending the gate length of memory 
cells toward the flowing direction of cell current of memory 
cells to cancel the influence of neutral threshold value caused 
by the base bias effect at the time of readout. Details are 
illustrated below. 

[0027] Fig. 4 is a diagram showing an NAND cell array of a 
nonvolatile semiconductor memory relating to this embodiment 
form in a plane, and Fig. 5 is a D-D' sectional view in Fig. 4. 

[0028] As is known from Fig. 4, the nonvolatile 
semiconductor memory relating to this embodiment form is so 
constructed that the gate length of memory cells M(l) - M(16) is 
gradually extended in order from the bit line contact BC side. 
More specifically, the gate length of a control gate CG(1) and a 
float gate FG(1) of a memory cell M(l) is made to 0.2 \im and the 
gate length of a control gate CG(2) and a float gate FG(2) of a 

/5 
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memory cell M(2) is made to 0.21 [im. Thus, the gate length is 
extended 0.01 (im by 0.01 [im as from the bit line contact BC to 
the source line contact SC. Thus, if the gate length is extended 
0.01 [im by 0.01 |im, the gate length of a control gate CG(16) and 
a float gate FG(16) of the memory cell M(16) becomes 0.35 |im. The 
neutral threshold value of memory cell with a short gate length 
decreases and the neutral threshold value of memory cell with a 
long gate length increases by constructing the gate length and 
due to the short-channel effect of transistor. 

[0029] In the nonvolatile semiconductor memory having the 
NAND memory cell as described above, for example, 2 V is applied 
to the bit line BL and 0 V is applied to the source line SL at 
the time of readout. In this case, the cell current flows from 
the bit line contact BC to the source line contact SC. At this 
time, the base bias effect so functions that the neutral 
threshold value decreases toward the source line contact SC even 
if it is a memory cell having same neutral threshold value. 
However, as described above, the neutral threshold value of 
memory cells on the source line contact SC side increases in the 
state that the cell current does not flow because the NAND 
memory cell relating to this embodiment form is so constructed 
that the gate length extends as from the bit line contact BC to 
the source line contact SC. Therefore, the change of neutral 
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threshold value caused by the base bias effect at the time of 
readout can be canceled. 

[0030] A graph shown in aforesaid Fig. 3 is obtained even 
when the neutral threshold value is measured by performing UV 
irradiation on the NAND memory cell shown in Fig. 4 and Fig. 5. 
Namely, a nonvolatile semiconductor memory with a small disper- 
sion, a constant quantity of electric charge of floating gate FG 
in memory cells and a high reliability can be obtained. 

[0031] Moreover, it is also possible to put the gate 
lengths together in prescribed memory cell units to restrain an 
increase of cell area in this Embodiment Form 2. For example, as 
shown in Fig. 6, it is also possible to take the gate length of 
memory cells M(l) - M(8) as 0.2 \xm and the gate length of memory 
cells M(9) - M(16) as 0.21 |im. This enables to restrain the 
increase of cell area and expect an improvement on dispersion of 
neutral threshold value of memory cells. 

[0032] Furthermore, only the gate length of memory cell 
(16) on the most downstream side where the cell current flows 
can be made longer than the gate length of memory cells M(l) - 
M(15). For example, it is also possible to take the gate length 
of memories M(l)-M(15) as 0.2 urn and the gate length of memory 
M(16). as 0.21 urn. 
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[0033] Still more, conversely to the aforesaid embodiment 
form, a cell current also flows from the source line SL side to 
the bit line BL side in some cases by applying a voltage of 2 V 
to the source line BL and 0 V to the bit line BL. In such cases, 
conversely to the aforesaid embodiment form, this Embodiment 
Form 2 may be so constructed that the gate length of memory 
cells M increases as from the source line contact SC to the bit 
line contact BL. 

[0034] [Embodiment Form 3] In the Embodiment Form 3 of 
present invention, the neutral threshold value of memory cells 
increases successively by making the gate length of memory cell 
provided nearest to the bit line contact side shortest, making 
the gate length of memory cell provided nearest to the source 
line contact side longest and making even the gate length of 
other memory cells provided between these memory cells to an 
intermediate length to cancel the influence of neutral threshold 
value caused by the base bias effect at the time of readout. 
Details are illustrated below. 

[0035] Fig. 7 is a diagram showing an NAND cell array of a 
nonvolatile semiconductor memory relating to this embodiment 
form in a plane, and Fig. 8 is a E-E' sectional view in Fig. 7. 

[0036] As is known from the spacing of selecting gate SG(1) 
and control gate CG(1) and the spacing of selecting gate SG(2) 
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and control gate SG(16) are set to be wider than the spacing of 
other control gate SC(2) - CG(15) by considering the match of 
processing of a slit part. If so, cautions must be taken in that 
only the control gates CG(1), CG(16) are made smaller than 
others due to a loading effect of lithographic process in the 
manufacturing process even if they are etched with a resist 
having an opening of same gate length. 

[0037] The memory cells M(l) - M(15) are made to 0.2 |im and 
only the memory cell M(16) is made to 0.22 |im for the gate 
dimension on a mask in PEP. If the thinness caused by the 
loading effect is taken as 0.01 |im, the gate length of memory 
cells in this embodiment form is formed at 0.19 urn for memory 
cells M(l), 0.20 |im for memory cell M(2) - M(15), and 0.21 \xm for 
memory cell M(l). Accordingly, if seeing in a unit cell, the 
neutral threshold value of memory cell M(l) becomes the lowest, 
the neutral threshold value of memory cell M(2) - M(15) becomes 
higher, and the neutral threshold value of memory cell M(16) 
becomes the highest. 

[0038] In the nonvolatile semiconductor memory having the 

NAND memory cell as described above, for example, 2 V is applied 

to the bit line BL and 0 V is applied to the source line SL at 

the time of readout. In this case, the cell current flows from 

the bit line contact BC to the source line contact SC. At this 
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time, the base bias effect so functions that this neutral 
threshold value decreases toward the source line contact SC even 
if it is a memory cell M having same neutral threshold value due 
to the base bias effect. However, as described above, the 
neutral threshold value on the source line contact SC side inc- 

/6 

reases in the state that the cell current does not flow because 
the NAND memory cell relating to this embodiment form is so 
constructed that the gate length extends in order of memory 
cells M(l), M(2) - M(15), M(16). Therefore, changes of neutral 
threshold value caused by the base bias effect at the time of 
readout can be canceled. Accordingly, a nonvolatile semiconduc- 
tor memory with a small dispersion of neutral threshold value, a 
constant quantity of electric charge of floating gate FG in 
memory cells and a high reliability can be obtained. 

[0039] Fig. 9 is a diagram graphically showing a result 
given by performing UV irradiation on NAND memory cells shown in 
Fig. 7 and Fig. 8. As is known from this Fig. 9, the dispersion 
of neutral threshold value of memory cells M(l) - M(16) of the 
NAND memory cell in the state that the cell current flows can be 
restrained than before. Accordingly, a nonvolatile semiconductor 
memory with a small dispersion of neutral threshold value, a 
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constant quantity of electric charge of floating gate FG in 
memory cells and a high reliability can be obtained. 

[0040] The present invention is not limited to the above 
embodiment form and is possibly modifiable, and the impurity 
concentration, gate length, etc. given in the above embodiment 
form are only illustrations to the end. 

[0041] As described above, the nonvolatile semiconductor 
memory of present invention can cancel the influence of neutral 
threshold value caused by the base bias effect at the time of 
readout and provide a memory with a small dispersion of neutral 
threshold value, a constant quantity of electric charge of 
floating gate FG in memory cells and a high reliability because 
the neutral threshold value of memory cells is so set up that 
the neutral threshold value of memory cells arranged on the 
downstream side is higher than the neutral threshold value of 
memory cells arranged on the upstream side in the flowing 
direction of current at the time of readout. 

[Brief Description of the Invention] 

[Fig. 1] Plan view of nonvolatile semiconductor memory 
relating to Embodiment Form 1 of present invention. 

[Fig. 2] Sectional view of nonvolatile semiconductor memory 
relating to Embodiment Form 1 of present invention. 



[Fig. 3] Diagram graphically showing neutral threshold 
value in case that cell current is allowed to flow in memory 
cells in nonvolatile semiconductor memory relating to Embodiment 
Forms 1 and 2 of present invention. 

[Fig. 4] Plan view of nonvolatile semiconductor memory 
relating to Embodiment Form 2 of present invention. 

[Fig. 5] Sectional view of nonvolatile semiconductor memory 
relating to Embodiment Form 2 of present invention. 

[Fig. 6] Plan view showing modification example of nonvola- 
tile semiconductor memory relating to of present invention. 

[Fig. 7] Plan view of nonvolatile semiconductor memory 
relating to Embodiment Form 3 of present invention. 

[Fig. 8] Sectional view of nonvolatile semiconductor memory 
relating to Embodiment Form 3 of present invention. 

[Fig. 9] Diagram graphically showing neutral threshold 
value in case that cell current is allowed to flow in memory 
cells in nonvolatile semiconductor memory relating to Embodiment 
Form 3 of present invention. 

[Fig. 10] (a) Plan view of conventional nonvolatile semi- 
conductor memory, and (b) equivalent circuit diagram of conven- 
tional nonvolatile semiconductor memory. 

[Fig. 11] (a) A-A' sectional view in Fig. 10, and (b) B-B' 
sectional view in Fig. 10. 



[Fig, 12] Diagram graphically showing neutral threshold 
value in case that cell current is allowed to flow in memory 
cells in nonvolatile semiconductor memory relating to Embodiment 
Form 3 of present invention. 

[Description of the Symbols] 
SG(1), SG(2) selecting gates 

CG(1) - CG(16) control gates 

FG(1) - FG(16) float gates 

M(l) - M(16) memory cells 

BC bit line contact 
SC source line contact 
BL bit line 

10 semiconductor substrate 

12 channel implantation region 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the nonvolatile semiconductor 
memory which has the NAND type memory cell to which connecting arrangement of two or more 
memory cells was especially carried out in in-series about a nonvolatile semiconductor memory. 
[0002] 

[Description of the Prior Art] Drawing 10 (a) is the plan of a NAND type cell array which can be set to 
the conventional nonvolatile semiconductor memory and with which it connected in in-series and two or 
more memory cells were formed, and drawing 10 (b) is drawing showing the equal circuit. Drawing 1 1 
(a) is an A-A'B-B [ in / drawing 10 (a) / it is a cross section and / in drawing 1 1 (b) ]' cross section in 
drawing 10 (a). 

[0003] Each memory cell is equipped with a floating gate FG and the control gate CG, and is constituted 
so that drawing 1 1 may show. By storing a charge in a floating gate FG, or discharging the stored 
charge, each memory cell is constituted so that data can be held. 

[0004] in the nonvolatile semiconductor memory concerning this conventional technology, the NAND 
mold memory cell consists of 16 memory cell M (1) - M (16) so that drawing 10 and drawing 1 1 may ' 
show That is, the NAND type memory cell is constituted by connecting in in-series in the form where 16 
memory cell M (1) - M (16) share the source / drain field SD. The selector gate SG (1) is formed in the 
drain side of memory cell M (1), and the selector gate SG (2) is formed in the source side of memory 
cell M (16). These selector gates SG (1) and SG (2) consist of two selection lines, respectively so that 
drawing 1 1 (a) may especially show. Here, 16 floating gates FG (1) - FG (16) and 16 control gates CG 
(1) - (16) are altogether formed with the same size. 

[0005] The drain field D linked to a bit line BL is formed in the drain side of a selector gate SG (1) so 
that drawing 1 1 (a) may show. The portion linked to this bit line BL forms the bit line contact BC shown 
in drawing 10 (a). Moreover, the source field S linked to a source line is formed in the source side of a 
selector gate SG (2) so that drawing 1 1 (a) may show. The portion linked to this source line forms the 
source line contact SC shown in drawing 10 . 
[0006] 

[Problem(s) to be Solved by the Invention] By setting the control gate CG of the selected memory cell 
M to 0V, and impressing ON state voltage to the other control gates CG, read-out of the data in the 
nonvolatile semiconductor memory which has a NAND type cell array which was mentioned above is 
how much to fall, by the time the voltage given to the bit line BL is transmitted to the source field S, and 
is judged. That is, it is judged by whether cell current flows or it does not flow. 

[0007] Under the present circumstances, in the memory cell M near a bit line BL, and a memory cell far 
from a bit line BL, even if each memory cell M has the same neutral threshold, when a neutral threshold 
is seen as a NAND type cell array, dispersion arises according to the substrate bias effect by cell current 
flowing. Here, a neutral threshold says the threshold in the state where it is not even if a charge 
accumulates in the floating gate FG of each memory cell M, and it is not even if swept out. That is, the 
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number of electron holes is the same as the number of the electrons in a floating gate FG, therefore the 
threshold in the case of being in a neutral state is said. Drawing 12 showed the relation between each 
memory cell [ of a NAND type memory cell ] M (1) - M (16), and this neutral threshold. 
[0008] This drawing 12 is a graph which shows the result which performed UV irradiation to the NAND 
type cell array shown in drawing 10 and drawing 1 1 , and measured the neutral threshold of each 
memory cell M (1) - M (16). A neutral threshold is higher than the memory cell M from a bit line BL 
with the further memory cell M near a bit line BL so that this drawing 12 may show. If it puts in another 
way, the neutral threshold is low at order toward memory cell M (16) far to a bit line BL from memory 
cell M (1) near a bit line BL. Thus, when the neutral threshold of a memory cell M varies, dispersion in 
the neutral threshold of the whole NAND type memory cell is made to expand. If dispersion is 
expanded, the neutral threshold of the whole NAND type memory cell will reduce the yield of a product, 
and will pose a problem also on reliability. 

[0009] Then, this invention is made in view of the above-mentioned technical problem, and aims at 
offering the nonvolatile semiconductor memory which suppressed dispersion in the neutral threshold of 
the whole NAND type memory cell. Furthermore, it aims at offering the nonvolatile semiconductor 
memory which raised the yield of a product and raised reliability by suppressing dispersion in the 
neutral threshold of the whole memory cell in this way. 
[0010] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the 
nonvolatile semiconductor memory concerning this invention It is the nonvolatile semiconductor 
memory equipped with two or more memory cells for the laminating of a floating gate and the control 
gate being carried out on a semiconductor substrate, connecting in in-series in the form where the 
source / drain field is shared between adjoining things, and constituting a NAND type memory cell. It is 
characterized by being constituted so that the neutral threshold of the memory cell of the downstream of 
cell current may become high rather than the neutral threshold of the memory cell of the upstream of cell 
current to the direction where cell current flows at the time of read-out of the aforementioned NAND 
type memory cell. 
[0011] 

[Embodiments of the Invention] The [1st operation gestalt] The 1st operation gestalt of this invention 
makes the neutral threshold of each memory cell high one by one, and cancels the influence of the 
neutral threshold by the substrate bias effect at the time of read-out by making it become high in the 
nonvolatile semiconductor memory which has a NAND type memory cell as the high impurity 
concentration of the channel in plastic field of each memory cell goes in the direction in which the cell 
current of each memory cell flows. ****** is explained more below. 

[0012] Drawing 1 is drawing showing superficially the NAND type memory cell of the nonvolatile 
semiconductor memory concerning this operation gestalt, and drawing 2 is a C-C cross section in 
drawing 1 . 

[0013] 16 each memory cell M (1) which constitutes a NAND type memory cell - M (16) are equipped 
with the control gate CG (1) - CG (16), and floating-gate FG(1) -FG(16), respectively so that drawing 1 
may show. The selector gate SG (1) is formed in the drain side of this NAND type memory cell, and the 
selector gate SG (2) is formed in the source side. The bit line contact BC is formed in the drain side of a 
selector gate SG (1). The source line contact SC is formed in the source side of a selector gate SG (2). 
[0014] Each memory cell M (1) - M (16) are formed on the P type semiconductor substrate 10 so that 
drawing 2 may show. Each memory cell (1) -M (16) has N type transistor structure which diffuses an N 
type impurity after gate processing. Each [ these ] memory cell M (1) The high impurity concentration 
of channel in plastic field 12(1) -12(16) determines the neutral threshold of -M (16). this channel in 
plastic field 12 (1) - in the NAND type memory cell concerning this operation gestalt - the dose of the 
impurity (boron) of 12 (16) goes to the source line contact SC from the bit line contact BC - it is alike, 
and it follows, and from 3E12cm-3 to 4.5E12cm-3, it cuts fine 0.1E12cm-3, comes out, and is changing 
That is, the dose of the boron of the channel in plastic field 12 (1) of memory cell M (1) is 3E12cm-3, 
and the dose of the boron of the channel in plastic field 12 (2) of a memory cell (2) is 3. lE12cm-3. 
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memory cell M(3) — after this — these the same — 0. lE12cm- the dose increases for every three, the 
dose pf the boron of the channel in plastic field 12 (15) of a memory cell 12 (15) is 4.4E12cm-3, and the 
dose of the boron of the channel in plastic field 12 (16) of a memory cell 12 (16) is 4.5E12cm-3 
[0015] Thus, since it was made to increase as it went to the source line contact SC from the channel in 
plastic field 12 (1) - bit line contact BC side whose dose of the impurity of 12 (16) is the direction where 
cell current flows It is constituted so that a neutral threshold may become high and the neutral threshold 
of memory cell M (16) may become the highest as the neutral threshold of memory cell M (1) becomes 
the lowest and it goes to the source line contact SC from this memory cell M (1). 
[0016] Channel in plastic field 12(1) -12(16) of a NAND type memory cell as shown in these drawing 1 
and drawing 2 can be obtained by the following manufacturing processes. 

[0017] First, the resist which has opening is formed according to a lithography process on the channel in 
plastic field 12 (1). And in plastic **** and the channel in plastic field 12 (1) are formed for boron by 
the concentration of 3E12cm-3 from on this resist. Next, the resist which has opening is formed 
according to a lithography process on the channel in plastic field 12 (2). And IMPURA is carried out for 
boron by the concentration of 3.1E12cm-3 from on this resist, and the channel in plastic field 12 (2) is 
formed. Next, the resist which has opening is formed according to a lithography process on the channel 
in plastic field 12 (3). And in plastic **** and the channel in plastic field 12 (3) are formed for boron by 
the concentration of 3.2E12cm-3 from on this resist. 

[0018] Thus, the process which increases the dose of boron every [ 0.1E12cm - / 3 ] is repeated, and the 
channel in plastic field 12 or subsequent ones (4) is formed one by one. Finally, the resist which has 
opening is formed according to a lithography process on the channel in plastic field 16 (16). And in 
plastic **** and the channel in plastic field 12 (16) are formed for boron by the concentration of 
4.5E12cm-3 from on this resist 

[0019] In the nonvolatile semiconductor memory which has the above NAND type memory cells, at the 
time of read-out, 2V are impressed to a bit line BL, and 0V are impressed to a source line. In this case, 
cell current flows toward a source line contact SC portion from a bit line contact BC portion. Under the 
present circumstances, according to the substrate bias effect, even if it is the memory cell M which has 
the same neutral threshold, the neutral threshold when passing this cell current acts so that it may 
become low as it goes to the source line contact SC. However, the direction of the memory cell M by the 
side of the source line contact SC is constituted so that, as for the NAND type memory cell concerning 
this operation gestalt, a neutral threshold may become high in the state where cell current does not flow 
as mentioned above. For this reason, change of the neutral threshold by the substrate bias effect at the 
time of read-out is cancellable. 

[0020] Drawing 3 is drawing in which making into a graph the result which performed UV irradiation to 
the NAND type memory cell shown in drawing 1 and drawing 2 , and measured the neutral threshold, 
and showing it. Where cell current is passed, the neutral threshold of each memory cell [ of this NAND 
type memory cell ] M (1) - M (16) becomes almost fixed so that this drawing 3 may show. Therefore, if 
the NAND type memory cell concerning this operation form is used, the amount of charges of a floating 
gate FG with little neutral threshold dispersion is fixed at each memory cell, and a reliable nonvolatile 
semiconductor memory can be obtained. 

[0021] In addition, in this 1st operation form, in order to cut down the number of lithography processes, 
and the number of in plastic processes, it is also possible to summarize channel in plastic field 12(1) -12 
(16) per predetermined group. For example, even memory cell M (channel in plastic field 12(1) -12(8 of 
1) - M (8)) is formed by the high impurity concentration same as one group. It is also possible to form 
even memory cell M (channel in plastic field 12(9) -12(16 of 9) - M (16)) as one group by the same high 
impurity concentration higher than channel in plastic field 12(1) -12(8). 

[0022] In this case, the resist in which it collected on the channel in plastic field 12 (1) - 12 (8), and 
opening was prepared is formed, for example, IMPURA of boron is performed by the dose of 
3.3E12cm-3. Next, the resist in which it collected on the channel in plastic field 12 (9) - 12 (16), and 
opening was prepared is formed, for example, IMPURA of boron is performed by the dose of 
4.0E12cm-3. By doing in this way, curtailment of the number of processes of a lithography process and 
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an in plastic process can be aimed at. And even if it makes a NAND type memory cell such 
composition, conventionally, dispersion in a neutral threshold when cell current flows can be 
suppressed. 

[0023] moreover - not necessarily - channel in plastic field 12 (1) - 12 (16) - channel in plastic field 
12 (1) - it is not necessary to make it two division into equal parts of 12 (8) and 12(9) -12(16) For 
example, the resist which has opening is formed with lithography only on the channel in plastic field 12 
(16) of memory cell M (16) near the source line contact SC, and IMPURA of boron is performed by the 
dose of 3.1E12cm-3. Next, the resist which has opening is formed with lithography on the channel in 
plastic field 12 (1) of remaining memory cell M (1) - M (15) - 12 (15), and it may be made to perform 
IMPURA of boron by the dose of 3.0E12cm-3. 

[0024] Furthermore, these lithography process and an in plastic process can also serve as selector gates 
SG (1) and these processes over SG (2). Moreover, it can also serve with these processes of a 
circumference circuit. 

[0025] Moreover, contrary to the operation gestalt mentioned above, at the time of read-out, the voltage 
of 2V may be impressed to a source line, 0V may be impressed to a bit line BL, and cell current may 
flow from a source line side to a bit line BL side. In such a case, what is necessary is just to set up 
contrary to the operation gestalt mentioned above, so that the neutral threshold of a memory cell M may 
become high as it goes to the bit line contact BC from the source line contact SC. 
[0026] The [2nd operation gestalt] In the nonvolatile semiconductor memory which has a NAND type 
memory cell, by making it become long, the 2nd operation gestalt of this invention makes the neutral 
threshold of each memory cell high one by one, and cancels the influence of the neutral threshold by the 
substrate bias effect at the time of read-out as the gate length of a memory cell goes in the direction in 
which the cell current of each memory cell flows. ****** is explained more below. 
[0027] Drawing 4 is drawing showing superficially the NAND type cell array of the nonvolatile 
semiconductor memory concerning this operation gestalt, and drawing 5 is a D-D' cross section in 
drawing 4 . 

[0028] The gate length of memory cell M (1) - M (16) consists of nonvolatile semiconductor memories 
concerning this operation gestalt so that it may become long gradually sequentially from the bit line 
contact BC side so that drawing 4 may show. Specifically, gate length of the control gate CG (1) of 
memory cell M (1) and a floating gate FG (1) is set to 0.2 micrometers, and gate length of the control 
gate CG (2) of memory cell M (2) and a floating gate FG (2) is set to 0.21 micrometers. Thus, it 
lengthens 0.01 micrometers of gate lengths at a time as it goes to the source line contact SC from the bit 
line contact BC. Thus, if it lengthens 0.01 micrometers of gate lengths at a time, the gate length of the 
control gate CG (16) of memory cell M (16) and a floating gate FG (16) will be set to 0.35 micrometers. 
By constituting gate length in this way, by the short channel effect of a transistor, the neutral threshold 
of the short memory cell M of gate length becomes low, and the neutral threshold of the long memory 
cell M of gate length becomes high. 

[0029] In the nonvolatile semiconductor memory which has the above NAND type memory cells, at the 
time of read-out, 2V are impressed to a bit line BL, and 0V are impressed to a source line. In this case, 
cell current flows toward a source line contact SC portion from a bit line contact BC portion. Under the 
present circumstances, according to the substrate bias effect, even if it is the memory cell M which has 
the same neutral threshold, this neutral threshold acts so that it may become low as it goes to the source 
line contact SC. However, since the NAND type memory cell concerning this operation gestalt is 
constituted so that it may become long as gate length goes to the source line contact SC from the bit line 
contact BC as mentioned above, in the state where cell current does not flow, a neutral threshold 
becomes [ the direction of the memory cell by the side of the source line contact SC ] high. For this 
reason, change of the neutral threshold by the substrate bias effect at the time of read-out is cancellable. 
[0030] Even when UV irradiation is performed to the NAND type memory cell shown in drawing 4 and 
drawing 5 and a neutral threshold is measured, the graph shown in drawing 3 mentioned above is 
obtained. That is, the amount of charges of a floating gate FG with little neutral threshold dispersion is 
fixed at each memory cell, and a reliable nonvolatile semiconductor memory can be obtained. 
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[0b31] In addition, in this 2nd operation form, **** can also summarize gate length per predetermined 
memory cell, in order to suppress the increase in cell area. For example, as shown in drawing 6 , it is 
also possible to set gate length of memory cell M (1) - M (8) to 0.2 micrometers, and to set gate length 
of memory cell M (9) - M (16) to 0.21 micrometers. The increase in cell area can be suppressed by this, 
and an improvement of dispersion in the neutral threshold of a memory cell can also be expected. 
[0032] Furthermore, only gate length of memory cell M (16) which is the bottom style side to which cell 
current flows can be made longer than the gate length of other memory cell M (1) - M (15). For 
example, it is also possible to set gate length of memory cell M (1) - M (15) to 0.2 micrometers, and to 
set gate length of memory cell M (16) to 0.21 micrometers. 

[0033] Moreover, contrary to the operation gestalt mentioned above, at the time of read-out, the voltage 
of 2V may be impressed to a source line, 0V may be impressed to a bit line BL, and cell current may 
flow from a source line side to a bit line BL side. In such a case, what is necessary is just to constitute 
contrary to the operation gestalt mentioned above, so that the gate length of a memory cell M may 
become long as it goes to the bit line contact BL from the source line contact SC. 
[0034] The [3rd operation gestalt] In the nonvolatile semiconductor memory in which the 3rd operation 
gestalt of this invention has a NAM) type memory cell Gate length of the memory cell most prepared in 
bit line contact approach is shortened most. By lengthening most gate length of the memory cell most 
prepared in source line contact approach, and arranging with the middle gate length the gate length of 
other memory cells prepared among these memory cells The influence of the neutral threshold by the 
substrate bias effect at the time of read-out is canceled. ****** is explained more below. 
[0035] Drawing 7 is drawing showing superficially the NAND type cell array of the nonvolatile 
semiconductor memory concerning this operation gestalt, and drawing 8 is an E-E f cross section in 
drawing 7 . 

[0036] The interval of a selector gate SG (1) and the control gate CG (1) and the interval of a selector 
gate SG (2) and the control gate SG (16) are widely set up in consideration of doubling of processing of 
the slit section etc. rather than the interval of other control gates SC (2) - CG (15) so that drawing 7 may 
show. If it does in this way, even if it ********** s by the loading effect of the lithography process in 
manufacture process by the resist which has opening of the same gate length, it needs to be cautious of 
the point that the control gates CG (1) and CG (16) become thinner than others. 
[0037] The gate size on the mask at the time of PEP creates memory cell M (1) - M (15) only for 0.2 
micrometers and memory cell M (16) by 0.22 micrometers. If thin ** by the loading effect is set to 0.01 
micrometers, as for the gate length of the memory cell in this operation gestalt, 0.20 micrometers and 
memory cell M (16) will be formed [ memory cell M (1) ] for 0.19 micrometers, memory cell M (2) - M 
(15) by 0.21 micrometers. Therefore, if it sees in a simple substance cell, the neutral threshold of 
memory cell M (1) becomes the lowest, the neutral threshold of memory cell M (2) - M (15) will 
become higher than this, and the neutral threshold of memory cell M (16) will become the highest. 
[0038] In the nonvolatile semiconductor memory which has the above NAND type memory cells, at the 
time of read-out, 2V are impressed to a bit line BL, and 0V are impressed to a source line. In this case, 
cell current flows toward a source line contact SC portion from a bit line contact BC portion. Under the 
present circumstances, according to the substrate bias effect, even if it is the memory cell M which has 
the same neutral threshold, this neutral threshold acts so that it may become low as it goes to the source 
line contact SC. However, since the NAND type memory cell concerning this operation gestalt is 
constituted so that gate length may become long as mentioned above at the order of memory cell M (1), 
M (2) - M (15), and M (16), in the state where cell current does not flow, a neutral threshold becomes 
[ the direction of the memory cell by the side of the source line contact SC ] high. For this reason, 
change of the neutral threshold by the substrate bias effect at the time of read-out is cancellable. 
Therefore, the amount of charges of a floating gate FG with little neutral threshold dispersion is fixed at 
each memory cell, and a reliable nonvolatile semiconductor memory can be obtained. 
[0039] Drawing 9 is drawing in which making into a graph the result which performed UV irradiation to 
the NAND type memory cell shown in drawing 7 and drawing 8 , and measured the neutral threshold, 
and showing it. Dispersion in the neutral threshold of each memory cell [ of the NAND type memory 
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cell in the state where cell current was passed ] M (1) - M (16) can be conventionally suppressed so that 
this drawing 9 may show. Therefore, if the NAND type memory cell concerning this operation gestalt is 
used, the amount of charges of a floating gate FG with little neutral threshold dispersion is fixed at each 
memory cell, and a reliable nonvolatile semiconductor memory can be obtained. 
[0040] in addition, high impurity concentration, gate length, etc. which this invention was not limited to 
the above-mentioned operation gestalt, but could deform it into various and which were raised with the 
above-mentioned operation gestalt are only instantiation to the last 
[0041] 

[Effect of the Invention] As opposed to the direction where current flows a setup of the neutral threshold 
of a memory cell at the time of read-out according to the nonvolatile semiconductor memory of this 
invention as explained above Rather than the neutral threshold of the memory cell prepared in the 
upstream, since it was made to make high the neutral threshold of the memory cell prepared in the 
downstream The influence of the neutral threshold by the substrate bias effect at the time of read-out can 
be canceled, and the amount of charges of a floating gate with little neutral threshold dispersion can 
offer memory with high fixed reliability by each memory cell. 



[Translation done.] 
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